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(37) ABSTRACT

A method for dressing a tool of a gear grinding machine,
including a workpiece holder and a tool holder, 1s provided.
The tool holder, arranged on a machiming head, 1s rotatable
about a first axis of rotation, and 1s linearly movable via a first
linear axis of movement, wherein a workpiece clamped 1n the
workpiece holder can be machined by a tool clamped 1n the
tool holder. The machine furthermore includes a dressing unit
with a dressing tool holder rotatable about a second axis of
rotation, wherein a dressing tool accommodated in the dress-
ing tool holder 1s used for dressing the tool clamped 1n the tool
holder. During the dressing operation the machining head 1s
pivoted about the swivel axis 1n dependence on a tool profile
and 1s linearly moved with the first linear axis of movement.
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1
METHOD FOR DRESSING A TOOL

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to German Patent Appli-
cation No. 10 2011 103 216.2, entitled “Method for Dressing
a Tool,” filed Jun. 1, 2011, which 1s hereby incorporated by
reference 1n 1ts entirety for all purposes.

TECHNICAL FIELD

The present disclosure relates to a method for dressing a
tool on a gear grinding machine and to a gear grinding
machine. The gear grinding machine includes a workpiece
holder and a tool holder, wherein the workpiece holder 1s
rotatable about a first axis of rotation (B1) and 1s arranged on
a machining head which 1s pivotable via a swivel axis (A) and
linearly shiftable via a shift axis (V1). A workpiece clamped
in the workpiece holder can be machined by a tool clamped 1n
the tool holder.

The gear grinding machine furthermore includes a dressing
unit with a dressing tool holder which 1s rotatable about a
second axis of rotation (B2). In the method according to the
present disclosure, a dressing tool accommodated 1n the

dressing tool holder 1s used for dressing a tool clamped 1n the
tool holder.

BACKGROUND AND SUMMARY

The tools used 1n gear grinding are exposed to constant
wear and therefore must be dressed at regular intervals. The
abrasive coating of the tools consists of abrasive grains bound
in a binding material, wherein during dressing a removal of
abrasive grains and binding maternal of the tool is effected
with the objective of changing the abrasive coating for gen-
erating the desired profile of the tool and the required profile
accuracy (macrogeometry). The tool can be dressed by a
rotating dressing tool accommodated 1n the dressing tool
holder, while 1t remains clamped 1n the tool holder.

In the dressing method known from the prior art, a desired
profile of the tool 1s achieved on dressing, 1n that the relative
movements between tool and dressing tool, which are neces-
sary for producing the desired profile, are generated by the
superposition of a movement of an axis of movement of the
dressing unit with a movement of an axis of movement of the
machining head.

It 1s the object of the present disclosure to provide an
improved method for dressing a tool. Furthermore, 1t 1s the
object of the present disclosure to provide an improved gear
orinding machine.

In accordance with the present disclosure, this object 1s at
least partially addressed as described herein.

In one example, the present disclosure shows a method for
dressing a tool on a gear grinding machine which includes a
workpiece holder and a tool holder, wherein the tool holder 1s
rotatable about a first axis of rotation (B1) and 1s arranged on
a machining head which is pivotable via a swivel axis (Al)
and 1s linearly movable via a first linear axis of movement
(V1), wherein a workpiece clamped 1n the workpiece holder
can be machined by atool clamped 1n the tool holder. The gear
erinding machine furthermore includes a dressing unit with a
dressing tool holder, which 1s rotatable about a second axis of
rotation (B2), wherein a dressing tool accommodated 1n the
dressing tool holder 1s used for dressing the tool clamped 1n
the tool holder.
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In accordance with the present disclosure it 1s provided that
during the dressing operation the machining head i1s pivoted
and linearly moved by movements of the swivel axis (Al) and
the first linear axis of movement (V1) adjusted to each other
in dependence on the tool profile to be produced, wherein the
relative movements between dressing tool and tool, which
produce the desired profile, are at least partly generated by the
superposition of the movements of the swivel axis (Al) and
the first linear axis of movement (V1). The method according
to the present disclosure can be used for example for produc-
ing or restoring a desired profile and/or for modifying a pro-

file.

The inventors of the present disclosure have recognized
that for generating the relative movements necessary during
dressing, no axes ol movement of the dressing unit must be
employed. These relative movements rather can be generated
via the swivel axis (Al) and the first linear axis of movement
(V1) anyway present for machining a workpiece. As a result,
the axes of the gear grinding machine anyway present can be
used better 1n the method according to the present disclosure.
On the one hand, this provides for a more flexible dressing
operation, and on the other hand for using a gear grinding
machine of simpler construction.

In accordance with the present disclosure, the desired pro-
file of the tool 1s produced in that by moving the machining
head via the swivel axis (Al) and the first linear axis of
movement (V1), the rotating tool 1s guided past the likewise
rotating dressing tool for producing the desired profile, while
the dressing tool and tool are 1n engagement with each other.

Advantageously, the swivel axis (Al) of the machining
head 1s perpendicular to the axis of rotation (B1) of the tool

holder.

Furthermore advantageously, in the method according to
the present disclosure the swivel axis (Al) and the first linear
axis of movement (V1) also are used when machining a
workpiece on the gear grinding machine.

When machining a workpiece, the swivel axis (Al) 1n
particular can be used for adjusting the angle between the tool
axis and the workpiece axis, for example when producing a
helical toothing.

Furthermore, the first linear axis of movement (V1) can be
used for shifting the tool, for example to bring another point
of the tool 1n engagement with the workpiece.

In accordance with the present disclosure, the dressing unit
1s arranged on the gear grinding machine such that the
machining head with the tool holder 1s movable relative to the
dressing unit via a first linear axis of movement (V1). The
linear axis of movement (V1) hence provides the second
degree of freedom necessary for producing a desired two-
dimensional profile of the tool beside the swivel axis (Al).

Advantageously, the relative movements between dressing
tool and tool, which are necessary for producing the desired
profile during the dressing operation, are generated solely via
a movement of the machining head. In particular, the dressing
unit thus can be arranged on the gear grinding machine with-
out a linear axis of movement, and advantageously 1n a com-
pletely rigid manner.

For producing the desired profile, the swivel axis (Al)
and/or the first linear axis of movement (V1) of the machining
head 1n addition can furthermore be utilized in accordance
with the present disclosure for moving the tool accommo-
dated in the tool holder towards the dressing tool from a
grinding position mto a dressing position. In particular, the
tool can be pivoted by the swivel axis (Al) from a grinding
position 1nto the dressing position.
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Advantageously, the tool accommodated 1n the tool holder
1s moved towards the dressing tool solely by the movements
of the machining head.

In the method according to the present disclosure or 1n the
gear grinding machine used for this purpose, it can further-
more be provided that the workpiece holder 1s rotatable about
a third axis of rotation (C1) and the machining head 1is
arranged on a carriage which 1s movable parallel to the axis of
rotation (C1) of the workpiece holder via a second linear axis
of movement (Z1).

Advantageously, 1t can be provided that the first linear axis
of movement (V1) allows a linear movement of the machin-
ing head relative to the carriage.

Furthermore advantageously, 1t can be provided that the
swivel axis (Al) allows a swivel movement of the machining
head relative to the carriage.

Furthermore, 1t can be provided that the first linear axis of
movement (V1) i1s arranged between the swivel axis (Al) and
the carriage. Furthermore, 1t can be provided that the first
linear axis of movement (V1) 1s vertical to the second linear
axis of movement (71).

Alternatively, however, 1t can also be provided that the
swivel axis (Al) 1s arranged between the first linear axis of
movement (V1) and the carriage.

Furthermore, 1t can be provided that the carriage 1s
arranged on a machine column which 1s movable vertical to
the axis of rotation (C1) of the workpiece holder via a third
linear axis of movement (X1).

In accordance with the present disclosure, the dressing unit
advantageously can be arranged on the carriage, wherein for
dressing purposes the relative movements are generated by
the axis of rotation (A1) and the first linear axis of movement
(V1) arranged between the carriage and the machining head.
Since these two axes of movement are suificient for generat-
ing all movements necessary during dressing, the dressing
unit can rigidly be arranged on the carriage at least as regards
linear movements.

In accordance with the present disclosure, a second dress-
ing unit furthermore can be provided, which via a fourth
linear axis of movement (Z3) can be moved towards the first
dressing unit and away from the same, 1n order to vary the
distance between the dressing tools accommodated in the
dressing tool holders of the first and second dressing units. In
the method according to the present disclosure, it 1s advanta-
geously provided that the two dressing units are used for
dressing the tool on two sides.

The method according to the present disclosure also can be
used 1n such machining heads which include two tool holders
for accommodating separate tools. Advantageously, the two
tools accommodated 1n the tool holders are dressed by at least
one common dressing unit. In particular, 1t can be provided
that after dressing the first tool, the second tool 1s moved to the
dressing unit by swiveling the machining head about the
swivel axis (Al). Advantageously, the two tool holders are
arranged on a common axis of rotation (B1). Alternatively or
in addition, 1t can be provided that the two tool holders are
driven via a common drive.

In addition to the method for dressing a tool according to
the present disclosure, the present disclosure furthermore
comprises a method for manufacturing a gear wheel on a gear
orinding machine, 1n which a workpiece clamped 1n a work-
piece holder 1s machined by a tool clamped 1n the tool holder.
In particular, hard finishing of the workpiece 1s effected by the
tool clamped 1n the tool holder. In accordance with the present
disclosure, the tool 1s dressed according to the method of the
present disclosure as described above, 1n order to produce the
tool profile necessary for generating the desired workpiece
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geometry. The method of the present disclosure for dressing
the tool thus allows a particularly flexible, easy and inexpen-
stve manufacture of gear wheels with a desired gear wheel
geometry and surface quality.

The present disclosure furthermore comprises a gear grind-
ing machine with a controller, for example, with memory
including mstructions, for automatically actuating the axes of
movement of the gear grinding machine while machining a
workpiece and/or while dressing a tool. In accordance with
the present disclosure, the controller includes structure for
carrying out the above-described methods for dressing a tool.
During the dressing operation, the controller advantageously
controls the relative movements necessary for producing a
desired profile of the tool by correspondingly pivoting the
machining head via the swivel axis (Al) and by a linear
movement adjusted thereto of the first linear axis of move-
ment (V1). Advantageously, the controller calculates the
swivel movements of the machining head necessary for pro-
ducing a desired profile. Furthermore advantageously, the
controller has an mmput function for inputting data on the
desired profile of the tool, from which the relative movements
are calculated. Advantageously, the controller 1s configured
such that the dressing function automatically actuates the
axes of the gear grinding machine when carrying out the
method and steps described above.

In particular, the gear grinding machine furthermore 1s
constructed such as has been described above with respect to
the method. In particular, the gear grinding machine includes
a tool holder which 1s rotatable about a first axis of rotation
(B1) and 1s arranged on a machiming head which 1s pivotable
via a swivel axis (Al). Furthermore, the gear grinding
machine includes a dressing unit with a dressing tool holder,
which 1s rotatable about a second axis of rotation (B2). Fur-
thermore, the machimng head with the tool holder can be
movable relative to the dressing unit via a first linear axis of
movement (V1). Furthermore, the workpiece holder can be
rotatable about a third axis of rotation (C1) and the machining
head can be arranged on a carriage which 1s movable parallel
to the axis of rotation (C) of the workpiece holder via a second
linear axis of movement (Z1). Furthermore, 1t can be provided
that the carrniage 1s arranged on a machine column which 1s
movable vertical to the axis of rotation (C1) of the workpiece
holder via a third linear axis of movement (X1). The further
construction of the gear grinding machine also can be
designed such as has already been described above.

As 1n the gear grinding machine according to the present
disclosure the relative movements between tool and dressing
tool are generated during dressing via the first axis of rotation
(A1) of the machining head and a further linear axis of move-
ment of the machining head, the dressing unit itself need not
have any axes of movement. In accordance with the present
disclosure, the dressing unit therefore can rigidly be arranged
on an element anyway present in the gear grinding machine,
at least as regards linear movements, for example on the
carriage or the machine column on which the carniage is
arranged. In a particularly advantageous way, the dressing
umt 1s rigidly arranged on the carritage which carries the
machining head of the gear grinding machine, at least as
regards linear movements.

Therefore, the present disclosure furthermore comprises a
gear grinding machine with a workpiece holder and a tool
holder, wherein the workpiece holder 1s rotatable about a third
axis of rotation (C1), wherein the tool holder 1s rotatable
about a first axis of rotation (B1) and is arranged on a machin-
ing head which 1s pivotable via a swivel axis (Al), wherein a
workpiece clamped 1n the workpiece holder can be machined
by atool clamped 1n the tool holder, and wherein the machin-
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ing head 1s arranged on a carriage which 1s movable parallel
to the third axis of rotation (C1) via a second linear axis of
movement (Z1). The gear grinding machine furthermore
includes a dressing unit with a dressing tool holder which 1s
rotatable about a second axis of rotation (B2), so that a dress-
ing tool accommodated in the dressing tool holder 1s usable
for dressing a tool clamped 1n the tool holder. In accordance
with the present disclosure 1t 1s provided that the dressing unit
1s rigidly arranged on the carriage which carries the machin-
ing head of the gear grinding machine, at least as regards
linear movements. Such gear grinding machine has a particu-
larly simple construction, wherein dressing the tool clamped
in the tool holder nevertheless 1s possible by the dressing unit
according to the method of the present disclosure.

Advantageously, the machining head with the tool holder1s
movable relative to the carriage via a first linear axis of
movement (V1), so that for dressing purposes relative move-
ments with two different degrees of freedom between the tool
holder and the dressing tool holder can be generated by means
of the swivel axis (Al) and the first linear axis of movement
(V1).

Advantageously, the gear grinding machine according to
the present disclosure includes a controller for automatically
actuating the axes of movement of the gear grinding machine
while machining a workpiece and/or while dressing a tool.
Advantageously, this controller has a function for carrying
out a method according to the present disclosure, as 1t has
already been described above.

Advantageously, the gear grinding machine furthermore 1s
constructed such as has already been described above.

Furthermore, the carriage can be arranged on a machine
column which 1s movable vertical to the axis of rotation (C1)
of the workpiece holder via a third linear axis of movement
(X1).

Furthermore, a second dressing unit can be provided,
which via a fourth linear axis of movement (73 ) can be moved
towards the first dressing unit and away from the same, in
order to vary the distance between the dressing tools to be
accommodated 1n the dressing tool holders of the first and
second dressing units. This can be used in particular for
dressing a tool on two sides. The axes of rotation of the two
dressing units need not necessarily be aligned 1n parallel. This
1s the case, however, 1n an exemplary embodiment.

Advantageously, the above-described method also 1s car-
ried out for dressing a tool on the gear grinding machine
described above.

Independent of the gear grinding machine described so far
and the method described so far, the present disclosure may
also comprise a gear grinding machine with a workpiece
holder and two tool holders for accommodating separate
tools, wherein the tool holders each are rotatable about an axis
of rotation and are arranged on a common machining head
which 1s pivotable via a swivel axis (Al), wherein a work-
piece clamped 1n the workpiece holder can be machined by
tools clamped in the tool holders. In accordance with the
present disclosure, it 1s provided that the two tool holders are
arranged on sides of the machining head facing away from the
swivel axis (Al). Other than in known double grinding heads,
the two tool holders are not oriented towards the common
swivel axis (Al) of the machining head, but each point away
from the same. As a result, the tools can be mounted on the
tool holders more easily and 1n addition have a greater dis-
tance from the swivel axis (Al). This provides advantages
both 1n terms of machining the workpiece alternately by the
two tools and 1n terms of dressing the tools.

Advantageously, the two tool holders are arranged on
opposite sides of the machiming head. In particular, 1t can be
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6

provided that the tool holders are arranged on one common
axis of rotation (B1) or on parallel axes of rotation. Further-

more, 1t can be provided that the two tool holders are driven
via a common drive.

Furthermore advantageously, the two tools accommodated
in the tool holders can be dressed by means of at least one
common dressing unit. Advantageously, after dressing the
first tool, the second tool can be moved to the dressing unit by
swiveling the machining head about the swivel axis (Al).

In the machining head with two tool holders according to
the present disclosure, two tools can thus be used with only a
small additional effort. In particular, two different tools can
be arranged on the grinding head, for example tools with
abrasive material with different degrees of fineness. Thus, the
first tool for example can be used for roughing, while the
second tool 1s used for finishing. By a corresponding adapta-
tion of the grain size to the respective machining operation, an
improvement of performance thus 1s obtained, since a coarse
grain can be used for roughing and a fine grain for fimishing.

The last gear grinding machine described can be con-
structed such as has already been described above 1n detail
with respect to the previously described gear grinding
machines. In particular, the machining head with the tool
holders can be movable relative to the dressing unit via a first
linear axis of movement (V1). Furthermore, the workpiece
holder can be rotatable about a third axis of rotation (C1) and
the machining head can be arranged on a carriage which 1s
movable parallel to the axis of rotation (C) of the workpiece
holder via a second linear axis of movement (Z1). Further-
more, 1t can be provided that the carriage 1s arranged on a
machine column which 1s movable vertical to the axis of
rotation (C1) of the workpiece holder via a third linear axis of
movement (X1).

The gear grinding machine likew1se can include a control-
ler as 1t has already been described above. Furthermore, the
above-described method also can be carried out for dressing
a tool on the gear grinding machine described above.

In the present disclosure, in particular, grinding wheels
and/or grinding worms can be employed as tools. The tools
advantageously consist of abrasive grains connected with
cach other. Dressing the tools 1s effected by removing grain
and binding the grinding tool with the objective of changing
the abrasive coating for producing a desired profile and the
required profile accuracy. In particular, abrasive grains of
corundum, CBN or silicon carbide can be used.

As dressing tools, dressing wheels are advantageously
employed. In particular, such dressing wheel can be a dia-
mond wheel or a hard-material-coated metal base body.

The present disclosure will now be explained in detail with
reference to drawings and exemplary embodiments.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows a first exemplary embodiment of a gear
orinding machine according to the present disclosure with a
dressing unit.

FIG. 2 shows a second exemplary embodiment of a gear
ogrinding machine according to the present disclosure with
two dressing units.

FIG. 2a shows a third exemplary embodiment of a gear
erinding machine according to the present disclosure with
two dressing units and a machiming head for machining inter-
nal toothings.

FIG. 3 shows a schematic diagram of a first exemplary
embodiment of a method according to the present disclosure.

FIGS. 3a and 36 show a schematic diagram of a modified
first exemplary embodiment of a method according to the
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present disclosure, in which another arrangement of the
dressing unit 1s employed than 1n FIG. 3.

FIG. 4 shows a schematic diagram of a second exemplary
embodiment of a method according to the present disclosure,
in which two dressing units are employed.

FIG. 4a shows a schematic diagram of a third exemplary
embodiment of a method according to the present disclosure,
in which there are also used two dressing units whose axes,
however, are not arranged parallel to each other.

FIG. 5 shows a schematic diagram of a fourth exemplary
embodiment of a method according to the present disclosure.

FIG. 6 shows an exemplary embodiment of a gear grinding,
machine with two tool holders arranged on the grinding head
and an exemplary embodiment of a corresponding method for
dressing.

FIG. 7 shows a further exemplary embodiment of a gear
ogrinding machine according to the present disclosure with
two tool holders arranged on the machining head.

FIG. 8 shows a further exemplary embodiment of a method
according to the invention, in which turther degrees of tree-
dom of the gear grinding machine are used for producing
complex profiles.

DETAILED DESCRIPTION

FIG. 1 shows a first exemplary embodiment of a gear
orinding machine according to the present disclosure. The
same includes a workpiece holder 2 for accommodating a
non-illustrated workpiece and a workpiece clamping device.
The workpiece holder 1s rotatable about an axis of rotation
(B1), for which purpose a corresponding drive 1s provided.

The gear grinding machine furthermore includes a tool
holder 1 for accommodating a tool 10. The tool 1s a grinding,
tool by means of which a workpiece arranged 1n the work-
piece holder can be machined. In particular, the tool can be
used for hard finishing the workpiece. For this purpose, the
tool holder with the tool 10 is rotatable about an axis of
rotation (B1) by means of a drive 16.

Thetool holder 1 1s arranged on a machining head 20 which
1s movable relative to the workpiece holder 2 via a plurality of
axes of movement of the gear grinding machine. The axes of
movement (Z1, V1, Al) allow the relative movements
between the tool 10 and the workpiece, which are necessary
for machining the workpiece during the grinding operation.
In the exemplary embodiment, the tool 10 1s a grinding wheel.
Alternatively, a grinding worm would also be conceivable.

The machining head 20 1s pivotable about a swivel axis
(Al). While machiming a workpiece arranged in the work-
piece holder 2, the swivel axis (Al) allows to adjust the setting,
angle of the tool relative to the workpiece, 1n order to produce
¢.g. helical toothings. The swivel axis (Al) 1s arranged par-
allel to the infeed axis (X1) of the tool.

Via a second linear axis of movement (Z1), the machining
head 20 furthermore 1s shiftable 1n a direction parallel to the
axis of rotation (C1) of the workpiece holder 2. For this
purpose, a guideway 17 1s provided, on which a carriage 18 1s
arranged, which carries the machining head 20. The axis of
movement (Z1) 1s arranged on a machine column 8, which in
turn can be moved radially to the axis of rotation (C1) of the
workpiece holder via a linear axis of movement (X1).

For moving the carnage in the Z1-direction, a ball screw 15
as well as a drive 12 are provided in the exemplary embodi-
ment. For moving the machine column 18, aball screw 13 and
a corresponding drive 14 1n turn are provided. Via a corre-
sponding guideway, the machine column 8 is shiftably
mounted on a machine bed 9, on which the workpiece holder
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2 also 1s arranged. Alternatively, the workpiece holder 2 also
might be arranged on the machine bed 9, so as to be shiftable
in the X1-direction.

Via the first and the second linear axes of movement (V1)
and (Z1), the machiming head 20 1s movable 1n a plane tan-
gential to the axis of rotation (C1). In the exemplary embodi-
ment shown here, the first axis of movement (V1) 1s arranged
directly on the carnage which 1s movable 1n the Z1-direction.
The second linear axis movement (Z1) 1s vertical to the first
linear axis of movement (V1). The first linear axis of move-
ment (V1) 1s arranged between the carriage 18 and the swivel
axis (Al).

In an alternative exemplary embodiment, the axis of rota-
tion (Al) also might be arranged between the carriage 18 and
the first linear axis of movement (V1). In particular, the first
linear axis of movement (V1) might be arranged parallel to
the axis of rotation (B1) of the machining head and provide
for a displacement of the tool 1n a direction of 1ts axis of
rotation (B1).

Furthermore, a dressing unit 7 1s provided, which includes
a dressing tool holder rotatable about an axis of rotation (B2).
In this way, the dressing tool 70 accommodated therein can be
rotated via a corresponding drive of the dressing unit.

Dressing the tool 10 by the dressing tool 70 1s effected by
rotating both the tool 10 and the dressing tool 70 about their
respective axes of rotation, in order to provide for a corre-
sponding removal of material, with the desired profile of the
tool 10 being effected by a relative movement between dress-
ing unit 7 and machiming head 20 via axes of movement of the
gear grinding machine.

In accordance with the present disclosure it therefor 1s
provided that during the dressing operation the machining
head 1s pivoted about the swivel axis (Al) 1n dependence on
the tool profile to be produced and 1s linearly moved via the
first linear axis of movement (V1), so that the relative move-
ments between dressing tool and tool, which are necessary for
producing the desired profile, are generated by the superpo-
sition of the movement of the swivel axis (Al) and the first
linear axis of movement (V1).

In particular, it can be provided that all relative movements
necessary for producing desired profiles are generated via
these two axes.

As 1s 1illustrated 1n the exemplary embodiment, this pro-
vides for ngidly arranging the dressing unit 7 on the carriage
18 of the gear grinding machine. In the exemplary embodi-
ment, the dressing unit 7 1s arranged on the carriage 18 later-
ally beside the machining head 20. In the exemplary embodi-
ment, the axis of rotation (B2) of the dressing unit 7 extends
vertically. This orientation 1s, however, not absolutely neces-
sary. Alternatively, e.g. an arrangement of the dressing unit 7
with horizontal or inclined axis of rotation (B2) would also be
conceivable.

FIG. 1 shows the exemplary embodiment of the gear grind-
ing machine according to the present disclosure 1n a grinding
position 1n which the axis of rotation (B1) 1s arranged by a
corresponding adjustment of the Al-axis 1n dependence on
the helix angle of the toothing to be produced. The tool 10 1s
arranged at a distance from the dressing tool 70. For dressing
purposes, the machining head then can be shifted 1into a dress-
ing position via the axes V1 and Al, 1in which dressing posi-
tion the dressing tool 70 gets 1n engagement with the tool 10.

FIG. 1 also shows a controller 50 recerving information via
inputs 52, which may include sensors and/or user inputs, and
sending control signals to actuators 34, which may corre-
spond to the actuators of the various axes in FIG. 1, for
example.




US 9,266,179 B2

9

FIG. 2 shows a second exemplary embodiment of a gear
grinding machine according to the present disclosure, which
in the construction of the gear grinding machine corresponds
to the exemplary embodiment shown in FIG. 1. The same
components and axes shown 1n FIG. 2, that are also shown 1n
FIG. 1, are not labeled again 1n FI1G. 2 for improved readabil-
ity. Similarly, the same applies for FIG. 2a with respect to
FIG. 1. Additionally, a controller and associated inputs and
outputs, such as shown 1n FIG. 1, may also included 1n the
systems of FIGS. 2 and 24. FIGS. 1, 2, and 24a are drawing
approximately to scale, although other scales may be used.
Further, FIG. 1 shows axis labeled longitudinal, lateral, and
vertical, although other labels may be used. In FIG. 1, axis X1
and rotational axis Al are longitudinal, axis Z1 and rotational
axes B2 and C1 are vertical, and rotational axes B1 and axis
V1 are lateral, 1n this example.

Continuing with FIG. 2, on the carriage 18, two dressing
units 7 and 7' are arranged, which provide for dressing the
erinding wheel 10 on both sides. For this purpose, at least one
of the two dressing units 7 and 7' 1s movable towards the other
dressing unit via a linear axis movement (Z.3), so as to be able
to adjust the distance between the two dressing tools. Alter-
natively, both dressing units 7 and 7' might also each be
movable via separate, 1n particular parallel linear axes of
movement.

The third exemplary embodiment of a gear grinding
machine according to the present disclosure as shown 1n FIG.
2a substantially corresponds to the exemplary embodiment
shown 1n FIG. 2, but 1s equipped with a machining head for
machining an internal toothing. The machining head includes
an arm 11 on which the tool holder 1 is arranged for accom-
modating the tool 10. The arm 11 ensures that the tool 10 can
be moved imto an internal toothing arranged below the
machining head.

The gear grinding machine according to the present disclo-
sure Turthermore 1includes a controller by which the NC axes
of the gear grinding machine can be actuated 1n an automated
manner. In particular, the controller has a function by which a
dressing method according to the present disclosure can be
carried out. In particular, the controller actuates the Al-axis
and the V1-axis during the dressing operation for producing
the desired profile.

As an alternative to the exemplary embodiments shown 1n
FIGS. 1 and 2, 1n which the dressing units are arranged on the
carriage 18 and the relattive movements for producing the
desired profile on dressing are generated via the Al- and
V1-axes, the dressing unit might also be arranged on the
machine column. As a result, the Z1-axis additionally would
be available for relative movements between the dressing unit
and the machining head. In accordance with the present dis-
closure, beside a movement of the machining head about the
Al-axis, relative movements might additionally be effected
during the dressing operation by a movement of the machin-
ing head via the V1-axis and/or the Z1-axis. As a result, more
complex profiles possibly might also be produced.

Alternatively or 1n addition 1t might also be provided that
the dressing unit mcludes a swivel axis, so that a further
degree of freedom 1s available during dressing. It might also
be provided that the dressing unit 1s shiftable via a linear axis
of movement, ¢.g. in Z4-direction.

FIG. 3 shows a first exemplary embodiment of a method
according to the present disclosure for dressing a tool 10 by a
dressing tool 70. The axis of rotation B2 of the dressing unit
7 1s oriented horizontally, the B1-axis of the machining head
20 substantially vertically. The V1-axis allows to guide the
tool 10 along the dressing tool 70 1n horizontal direction
according to the desired profile. By pivoting the machining
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head 20 about the A1-axis, a movement in a vertical direction
now can be generated i1n addition, so that 1t 1s possible to
produce a two-dimensional profile. The movement 1n hori-
zontal direction generated 1n addition on pivoting the machin-
ing head, then must be compensated by a corresponding
counter-movement of the V1-axis.

Due to the superposition of the swivel movement via the
Al-axis and the linear movement via the V1-axis, 1t thus 1s
possible to produce arbitrary two-dimensional profiles.

FIGS. 3a and 3b show an alternative exemplary embodi-
ment of a method according to the present disclosure, in
which the arrangement of the dressing unit shown 1in FIG. 1 1s
used, 1.e., a dressing unit whose axis of rotation B2 1s oriented
vertically. In FIG. 3q 1t 1s shown how by shifting the machin-
ing head about the B1- and V1-axes the desired profile first 1s
produced on one side of the tool 10 by guiding this side along
the dressing tool 70. In FIG. 35, the desired profile then 1s
analogously produced on the other side of the tool 10.

FIG. 4 shows a second exemplary embodiment of a method
according to the present disclosure, in which a second dress-
ing unit 7' with a second dressing tool 70' 1s employed. The
second dressing unit 7' has an axis of rotation B3, about which
the dressing tool 70' can be rotated. The second dressing unit
7' 1s linearly shiftable about a linear axis Z3, so that the
distance between the two dressing tools 70 and 70' can be
adjusted. This provides for machining the tool 10 on both
sides. The distance between the two dressing tools 70 and 70’
1s adjusted to the desired thickness of the tool 10 1n the
respective engagement position, whereas all other relative
movements between tool 10 and dressing tools 70 and 70" are
elfected via the V1- and Al-axes.

In the exemplary embodiment shown in FIG. 4, the axes of
rotation B2 and B3 of the two dressing units extend in paral-
lel, while the linear axis of movement Z3 1s vertical to these
two axes of rotation. Alternatively, the two axes of rotation B2
and B3 also can extend at an angle to each other, as 1s shown
in FI1G. 4a. Alternatively, the axis of rotation B2 might also be
vertical to the axis of rotation B3.

During dressing, as an alternative to the arrangement
shown 1n FIGS. 3 and 4, the axis of rotation B2 of the dressing,
umt 7 might also be arranged substantially parallel to the axis
of rotation B1 of the tool 10. In this case, too, the desired
proflle might be produced by a superposition of the move-
ments of the V1-axis and of the Al-axis.

Furthermore, as shown 1n FIG. 5, the dressing operation
can also be effected with an orientation of the axis of rotation
B1 substantially parallel to the linear axis of movement V1.
Here again, dressing the grinding wheel 10 on two sides of
course also 1s possible, as 1s shown at the bottom 1n broken
lines.

FIGS. 6 and 7 now show an exemplary embodiment of the
second aspect of the present disclosure, and in FIG. 6 the
same 1s combined with the first aspect.

There 1s provided a machining head which includes two
tool holders 1 and 1'. The two tool holders are arranged on
opposite sides of the machining head or of the swivel axis Al
with their active surfaces to the outside.

In the exemplary embodiment, the arrangement of the two
tool holders 1s coaxial. The two tool holders can be drivable
via a common drive or each via separate drives.

In the two tool holders, a first tool 10 and a second tool 10'
are arranged. The first tool 10 can have a coarser grain than the
second tool 10'. In particular, the first tool 10 can be used for
roughing and the second tool 10' for finishing.

The first and the second tool each can be grinding wheels.
Alternatively, the first and/or the second tool also can be a
ogrinding worm 10', as 1s shown 1n FIG. 7.
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Thetwotools 10 and 10' thus can be used one after the other
for machining a workpiece 1n different machining steps.
Alternatively, i1t 1s also conceivable to dress the one tool,
while a workpiece 1s machined with the other tool. In this
case, 1t 1s also possible to use two 1dentical tools. FIG. 6 shows
a combination of the second aspect with the first aspect of the
present disclosure, 1.€. a combination of the machining head
with the two tool holders with a dressing unmit 7 rigidly
arranged on the carriage. For dressing the first tool 10 or the
second tool 10, the machining head each can be pivoted about
the swivel axis Al such that the respective tool to be dressed
gets 1n engagement with the dressing tool. The relative move-
ment between dressing tool and tool, which 1s necessary for
producing the desired profile, then can again be obtained via
the V1- and Al-axes.

As 1s likewise shown 1n FIG. 6, a second dressing unit 7'
can also be used here, 1n order to be able to dress the respec-
tive tools on both sides.

Alternatively, it would be concervable to render both dress-
ing units movable via a linear axis of movement, or to render
the two dressing units 7 and 7' jointly movable via a further
/4-axis.

The machining head with two tool holders according to the
present disclosure as shown 1n FIGS. 6 and 7 advantageously
1s arranged on a gear grinding machine as 1t has already been
described in detail with respect to FIGS. 1 and 2. In particular,
the machining head can be pivoted via an at least one swivel
axis Al and be moved tangentially to the workpiece via two
linear axes.

FIG. 8 shows a further exemplary embodiment of the
present disclosure, 1n which a grinding worm 1s used as tool
10". If a grinding worm 10" corrected in terms of its engage-
ment angle 1s to be used, more than two degrees of freedom
are required for dressing. In accordance with the present
disclosure, 1t can therefore be provided that during dressing
two further degrees of freedom are employed 1n addition to
prvoting the machining head about the Al-axis.

In a first exemplary embodiment, the Z1-axis also can be
used beside the V1-axis. For this purpose, the dressing unit 7'
1s not arranged on the carriage 18, but on the machine column.

Alternatively or 1n addition, the dressing unit 7' itself also
can be pivotable about a swivel axis A2. Advantageously, the
swivel axis A2 1s vertical to the axis of rotation of the dressing
unit 7',

Alternatively or in addition, the dressing unit 7' itself also
can be designed linearly shiftable via a Z4-axis.

The exemplary embodiments of the gear grinding machine
according to the present disclosure advantageously each
include a controller for actuating the respective axes ol move-
ment, wherein the controller has a function for automatically
carrying out the methods described above.

The mvention claimed 1s:

1. A method for dressing a tool of a gear grinding machine
which includes a workpiece holder and a tool holder,

wherein the tool holder 1s rotatable about a first axis of

rotation and 1s arranged on a machining head which 1s
pivotable via a swivel axis and 1s linearly movable via a
first linear axis of movement,

wherein a workpiece clamped in the workpiece holder 1s

machinable by a tool clamped in the tool holder,

wherein the gear grinding machine furthermore includes a

dressing unit with a dressing tool holder which 1s rotat-
able about a second axis of rotation, the dressing unit
rigidly arranged on a carriage on which the machinming
head 1s arranged,

wherein a dressing tool accommodated 1n the dressing tool

holder 1s used for dressing the tool clamped 1n the tool
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holder, comprising: during a dressing operation, pivot-
ing the machining head about the swivel axis and lin-
carly moving the machiming head along the first linear
ax1s of movement in dependence on a tool profile to be
produced, wherein relative movements between the
dressing tool and the tool during the dressing operation,
which produce a desired profile, are generated by a
superposition of movements of the tool about the swivel
ax1s and movements of the tool along the first linear axis
of movement, and wherein the relative movements
between the dressing tool and the tool are solely gener-
ated by a movement of the machining head.

2. The method according to claim 1, wherein the swivel
axis and/or the first linear axis of movement of the machining
head turthermore 1s utilized for moving the tool accommo-
dated in the tool holder towards the dressing tool from a
grinding position nto a dressing position.

3. The method according to claim 1, wherein the tool
accommodated 1n the tool holder solely 1s moved towards the
dressing tool by movements of the machining head.

4. The method according to claim 1, wherein the workpiece
holder 1s rotatable about a third axis of rotation and the car-
riage 1s movable parallel to the third axis of rotation via a
second linear axis of movement.

5. The method according to claim 4, wherein the first linear
ax1s of movement allows a linear movement of the machining
head relative to the carriage and/or the swivel axis allows a
swivel movement of the machining head relative to the car-
riage and/or

wherein the first linear axis of movement 1s arranged

between the swivel axis and the carriage or the swivel
ax1s 1s arranged between the first linear axis of move-
ment and the carriage and/or

wherein the first linear axis of movement 1s vertical to the

second linear axis of movement and/or

wherein the carrniage 1s arranged on a machine column

which 1s shiftable vertical to the third axis of rotation via
a third linear axis of movement.

6. The method according to claim 1, wherein a second
dressing unit 1s provided, which via a fourth linear axis of
movement 1s moveable towards the first dressing unit and
away from the same, 1n order to vary a distance between the
dressing tools accommodated 1n the dressing tool holders of
the first and second dressing units, wherein the first dressing
unit 1s configured to dress a first side of the tool and the second
dressing unit 1s configured to dress a second side of the tool.

7. The method according to claim 6, wherein the first and
second dressing units are jointly movable via a fifth linear
ax1s ol movement.

8. The method according to claim 1, wherein the machining,
head includes two tool holders for accommodating separate
tools, which are arranged on a common axis of rotation and/or
are driven via a common drive, wherein the two tools accom-
modated 1n the two tool holders are dressed by at least one
common dressing unit, wherein the two tool holders are
arranged on opposite sides of the machining head, and
wherein after dressing the first tool, the second tool 1s moved
towards the dressing unit by swiveling the machining head
about the swivel axis.

9. A method for manufacturing a gear wheel on a gear
orinding machine, 1n which a workpiece clamped 1n a work-
piece holder 1s machined by a tool clamped in a tool holder,
wherein dressing of the tool 1s effected by a method for
dressing the tool,

wherein the tool holder 1s rotatable about a first axis of

rotation and 1s arranged on a machining head which 1s
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pivotable via a swivel axis and 1s linearly movable via a

first linear axis of movement,
wherein the gear grinding machine furthermore includes a

dressing unit with a dressing tool holder which 1s rotat-
able about a second axis of rotation, the dressing unit
rigidly arranged on a carriage on which the machiming
head 1s arranged,
wherein a dressing tool accommodated 1n the dressing tool
holder 1s used for dressing the tool clamped 1n the tool
holder, comprising: during a dressing operation, p1vot-
ing the machining head about the swivel axis 1n depen-
dence on a tool profile to be produced and linearly mov-
ing the machining head with the first linear axis of
movement, wherein relative movements between the
dressing tool and the tool, which produce a desired pro-
file, are generated by a superposition of the movements
of the swivel axis and of the first linear axis of move-
ment, and wherein the relative movements between the
dressing tool and the tool are solely generated by a
movement of the machining head.

10. A gear grinding machine with a controller for automati-
cally actuating axes of movement of the gear grinding
machine while machining a workpiece and/or while dressing,
a tool, wherein the controller includes memory with mstruc-
tions for dressing a tool of the gear grinding machine which
includes a workpiece holder and a tool holder, wherein the
tool holder 1s rotatable about a first axis of rotation and 1s
arranged on a machining head which 1s pivotable via a swivel
axis and 1s linearly movable via a first linear axis of move-
ment, wherein a workpiece clamped 1n the workpiece holder
can be machined by the tool clamped 1n the tool holder,
wherein the gear grinding machine furthermore includes a
dressing unit with a dressing tool holder which 1s rotatable
about a second axis of rotation, the dressing unit rigidly
arranged on a carritage on which the machining head 1is
arranged, wherein a dressing tool accommodated 1n the dress-
ing tool holder 1s used for dressing the tool clamped in the tool
holder, comprising: during a dressing operation, pivoting the
machining head about the swivel axis in dependence on a tool
profile to be produced and linearly moving the machining
head with the first linear axis of movement, wherein relative
movements between the dressing tool and the tool, which

produce a desired profile, are generated by a superposition of
movements of the swivel axis and of the first linear axis of

movement, and wherein the relative movements between the
dressing tool and the tool are solely generated by a movement
of the machining head.

11. The gear grinding machine according to claim 10,
wherein the workpiece holder 1s rotatable about a third axis

of rotation, and
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wherein the carriage 1s movable parallel to the third axis of

rotation via a second linear axis of movement.

12. The gear grinding machine according to claim 11,
wherein the machining head with the tool holder 1s movable
relative to the carriage via the first linear axis of movement, so
that for dressing purposes relative movements with two dif-
ferent degrees of freedom between the tool holder and the
dressing tool holder are generated by the swivel axis and the
first linear axis of movement.

13. The gear grinding machine according to claim 11,
wherein the carriage 1s arranged on a machine column which
1s shiftable vertical to the third axis of rotation via a third
linear axis of movement.

14. The gear grinding machine according to claim 11,
wherein a second dressing unit 1s provided, which via a fourth
linear axis of movement 1s moveable towards the first dress-
ing unit and away from the same, 1n order to vary a distance
between the dressing tools to be accommodated 1n the dress-
ing tool holders of the first and second dressing units, and
wherein the first dressing unit 1s configured to dress a first side
of the tool and the second dressing unit 1s configured to dress
a second side of the tool.

15. The gear grinding machine according to claim 11,
wherein 1t 1s a gear grinding machine for manufacturing an
internal toothing, wherein advantageously the machining
head 1ncludes an arm on which the tool holder 1s arranged,
wherein advantageously the arm extends radially to the
swivel axis and thus creates a distance between the swivel
axis and the tool holder.

16. The gear grinding machine according to claim 10, with
the workpiece holder and two tool holders for accommodat-
ing separate tools, wherein the two tool holders each are
rotatable about an axis of rotation and are arranged on a
common machining head which 1s pivotable via a swivel axis,
wherein a workpiece clamped 1n the workpiece holder 1s
machined by tools clamped 1n the two tool holders,

wherein the two tool holders are arranged on opposite sides

of the machining head facing away from the swivel axis,
wherein the two tool holders advantageously are
arranged on a common axis of rotation or on parallel
axes of rotation and/or are driven via a common drive,
wherein furthermore advantageously the tools accom-
modated 1n the two tool holders can be dressed by at least
one common dressing unit, wherein advantageously
after dressing a first tool, a second tool can be moved
towards the dressing umit by swiveling the machining
head about the swivel axis.
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